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@> Dot clock generator for liquid crystal display device. 

In order to generate a dot clock for a liquid 
crystal display device from a horizontal sync 
signal with reduced skew, a PLL is divided into 
three functional parts. The first part is a means 
29, 36, 34 for obtaining a particular frequency. 
This means is so configured that voltage is 
supplied from latch type DAC (digital/analog 
converter) 29 to VCO 30. A horizontal sync 
signal is estimated from the dot clock finally 
generated. According to the difference between 
this estimated horizontal sync signal and actual 
horizontal sync signal, the value of DAC 29 is 
increased or decreased. This correction by in- 
crease or decrease is made by, for example, the 
vertical sync timing. The second part is a 
synchronization means 34, 41, 42. A signal cor- 
responding to the phase error between the 
actual horizontal sync signal and dot clock is 
added to the signal from DAC 29 to control the 
phase of the dot clock. The third part is a PLL 
means 31 , 32 for generating the dot clock ac- 
cording to the signal having the particular fre- 
quency. 
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Field of the Invention 

The present invention generally relates to a dot 
clock generator for a liquid crystal display device, and 
more particularly to such generator which can gener- 
ate a dot clock with less skew from a sync signal. 

Background of the Invention 

The CRT (cathode ray tube) has been widely 
used as a monitor of a personal computer, and the in- 
terface between the personal computer and CRT is 
made unique to the CRT. Specifically, R, G, and B 
analog signals, and vertical and horizontal sync sig- 
nals are generated in the personal computer unit and 
-provided to the CRT. When a liquid crystal display de- 
vice is useaMnstead of a CRT in a computer system 
employing such interface, the liquid crystal display 
device needs to generate an additional dot clock. In 
other words, the liquid crystal display device needs to 
receive R, G, and B digital signals for every dot timing 
(dot clock) to drive the liquid crystal panel based on 
these signals. Since the personal computer unit out- 
puts only the analog RGB and sync signals to the 
above CRT interface, it is necessary to generate a dot 
clock from the sync signals and, according to the tim- 
ing of this clock, convert the analog RGB signals to 
digital RGB signals by the A/D conversion. 

A phase locked loop (PLL) circuit shown in Fig. 1 
may be used to generate a dot clock from a sync sig- 
nal, i.e. horizontal sync signal. In Fig. 1, phase com- 
parator 11 is supplied with, the horizontal sync signal 
and the output of frequency divider 12. The compari- 
son outputs (positive and negative) of phase compar- 
ator 11 is inputted to voltage controlled oscillator 
(VCO) 15 via filter 13 and capacitor 14. Then the out- 
put of VCO 15 is given as a dot clock and fed back to 
frequency divider 12. Assuming that frequency divid- 
er 12 has a division ratio of 1/N, the dot clock to be 
outputted will have a frequency of N times the hori- 
zontal sync signal. 

In the above conventional arrangement, how- 
ever, a problem arises that the 1 screen is disturbed by 
the jitters of the dot clock due to the jitters of the hor- 
izontal sync signal itself, the beat between the jitters 
of the horizontal sync signal, and the circulation of 
power supply noise into VCO 15. 

In addition, with such arrangement, the noise 
from frequency divider 12 is superimposed on the vol- 
tage across capacitor 14, leading to a difficulty in 
generating a stable dot clock necessary for the liquid 
crystal display. If the phase of frequency divider 12 is 
delayed with respect to the horizontal sync signal, i.e. 
if the clock frequency is too low, the voltage across 
capacitor 14 would increase to increase the clock fre- 
quency for compensation, as shown in Fig. 2(a). On 
the other hand, if the phase of frequency divider 12 
is advanced with respect to the horizontal sync signal, 



i.e. if the clock frequency is too high, the voltage 
across capacitor 14 would decrease to lower the clock 
frequency for compensation, as shown in Fig. 2(b). 
However, the voltage across capacitor 14 is subject to 
5 the noise from frequency divider 12 which skews the 
clock frequency to thereby disturb the screen. 

Summary of the Invention 

10 In view of the above, the present invention has an 

object to provide a PLL mechanism which is capable 
of generating the dot clock with less skew from the 
horizontal sync signal. 

To achieve the above object, the PLL is divided 

15 into three functional parts in accordance with the 
present invention. 

The first part is a means for obtaining a particular 
frequency. This means is designed such that a latch 
type DAC (digital/analog converter) supplies a vol- 

20 tage to a VCO. The horizontal sync signal is estimated 
from the dot clock finally generated, and the value of 
the DAC is increased or decreased according to the 
difference between the estimated horizontal sync 
signal and the actual horizontal sync signal. The com- 

25 pensation by this increase or decrease is made at, for 
example, the vertical sync timing. 

The second part is a synchronization means. A 
signal corresponding to the phase error between the 
actual horizontal sync signal and dot clock is added 

30 to the signal from DAC to control the phase of the dot 
clock. 

The third part is a PLL means for generating a dot 
clock according to the signal having the particularf re- 
quency mentioned above. Accordingly the following 

35 invention provides a dot clock generator for a liquid 
crystal display device, comprising a reference voltage 
generator means including a latch type digital/analog 
converter; a voltage controlled oscillator means 
which oscillates according to a reference voltage from 

40 said reference voltage generator means to produce a 
referencedock; a phase locked loop circuit means for 
producing a dot clock according to said reference 
clock; means for producing a horizontal period signal 
from said dot clock; means for receiving an external 

45 horizontal period signal; means for detecting a phase 
error between said horizontal period signal generated 
from said dot clock and said horizontal period signal 
received externally; means for adjusting the latched 
data of said analog/digital converter according to said 

so phase error in a first period which is longer than said 
horizontal period; and means for adjusting said refer- 
ence voltage to be inputted to said voltage controlled 
oscillator according to said phase error in a second 
period which is shorter than said first period. 

55 The present invention also provides a liquid crys- 

tal display device comprising: a liquid crystal display 
element; a display control means for generating a dig- 
ital video signal based on analog video and sync sig- 
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nals and providing said digital video signal to said liq- 
uid crystal display element; a dot clock generator ac- 
cording to any of the preceding claims wherein said 
external horizontal period signal is derived from said 
sync signal; means for providing said dot clock to said s 
display control means. 

Brief Description of the Drawings 

One embodiment of the present invention will be 10 
described below with reference to the drawing figures 
wherein: ' " 

Fig. 1 shows a block diagram illustrating a con- 
ventional configuration. 

Fig. 2 shows a waveform illustrating the problem 15 
of the conventional configuration. ^ 

Fig. 3 shows a block diagram illustrating an em- 
bodiment of the present invention. 

Fig. 4 shows a block diagram illustrating the de- 
tailed arrangement of the embodiment shown in Fig. ^20 



Detailed Description of the Invention 

Fig. 3 shows the overall configuration of this em- 25 

bodiment in which a vertical sync signal, horizontal 

sync signal, and R, G, and B video signals are sup- 
plied from a personal computer (processing unit) to 
terminals 21 to 25, respectively. These signals are 
then supplied to LCD controller 26 which generate R, 30 
G, and B digital video signals and other control sig- 
nals for LCD module 27. In addition to the signals 
mentioned above, a dot clock is also supplied from 
dot clock generator 28 to LCD controller 26. 

Dot clock generator 28 generates a dot clock, 35 
which is variable in a range from 50 to 80 MHz, from 
the vertical and horizontal sync signals. As described 
above, the dot clock is used to generate the digital vid- 
eo signal for each dot or pixel. 

Dot clock generator 28 includes reference vol- 40 
tage generator 29 and voltage controlled oscillator 30 
for a reference clock. Voltage controlled oscillator 30 
is provided with a ceramic resonator to generate a ref- 
erence clock having a 2 MHz center frequency in ac- 
cordance with the reference voltage from reference 45 
voltage generator 29. This reference clock is applied 
to internal PLL circuit 31 which generates, for exam- 
ple, a 50 to 80 MHz dot clock according to the division 
ratio of programmed frequency divider 32. 

This dot clock is supplied to LCD controller 26 as 50 
well as horizontal sync signal generator 33 which ~ 
counts the dot clock according to its frequency and 
generates a horizontal sync signal. The generated 
horizontal sync signal is supplied to horizontal sync 
signal comparator 34. The comparator 34 also re- 55 
ceives a horizontal sync signal from terminal 22 via 
horizontal sync signal skew generator 35 and com- 
pares the phases of b^th signals. A phase error signal 



is supplied to voltage controlled oscillator 30 and ref- 
erence voltage adjuster 36. Voltage controlled oscil- 
lator 30 receives the error signal in a horizontal fre- 
quency to ensure that the reference clock is in phase 
with the horizontal sync signal. Reference voltage ad- 
juster 36 receives the error signal in a vertical period 
to control reference voltage generator 29 to ensure 
that the reference clock is aligned with the actual hor- 
izontal sync signal in the vertical period. 

Fig. 4 shows the details of the major portion of the 
embodiment shown in Fig. 3. In Fig. 4, elements cor- 
responding to those shown in Fig. 3 are given the 
same reference numbers. As shown in Fig. 4, refer- 
ence voltage generator 29 comprises a latch type dig- 
ital/analog converter (DAC) and supplies the refer- 
ence voltage to voltage controlled oscillator 30 via re- 
sistors. Reference voltage adjuster 36 increments or 
decrements in the vertical period the latched data of 
the DAC by a predetermined number, e.g. 1, accord- 
ing to the positive or negative error signal from hori- 
zontal sync signal comparator 34 to correct the refer- 
ence voltage. The error signal is added to the refer- 
ence voltage in the horizontal period via serial circuits 
41 and 42 each consisting of a resistor and a capac- 
itor to ensure that voltage controlled oscillator 30 is in 
phase with the horizontal signal. 

Internal PLL 31 comprises 1/8 frequency divider 
37, phase comparator 38, low-pass filter 39, and vol- 
tage controlled oscillator 40. A signal of approximate- 
ly 250 KHz from frequency divider 37 is compared by 
phase comparator 38 with the signal from program- 
med frequency divider 32>to allow the frequency or 
phase of the dot clock to be corrected in an interval 
of approximately 250 KHz! 

With this arrangement, the reference clock can 
be stabilized even with jitters of the horizontal sync 
signal since the reference voltage is set up in the vert- 
ical period. Oscillation can also be stabilized since it 
is not necessary to alter the reference clock frequen- 
cy in a wide range and voltage controlled oscillator 30 
using the resonator may be used. 

Moreover, since the inpift voltage of voltage con- 
trolled oscillator 30 is finely adjusted in the horizontal 
period in response to the phase error between the 
horizontal sync signal and dot clock (horizontal sync 
signal generated from the dot clock), the resulting dot 
clock is precisely locked to the vertical sync signal. 

Internal PLL 31 only divides a stable reference 
voltage, and the dot clock skew caused by distur- 
bance to this internal PLL 31 is extremely small. Es- 
pecially, since the comparison period (250 KHz in Fig. 
4) of phase comparator 38 in internal PLL 31 is short, 
the dot clock skew can be corrected with this short 
period. This not only ensures skew reduction, but also 
solves a problem of skew accumulated for a long per- 
iod (horizontal period when the phase error is correct- 
ed in the horizontal period). Moreover, although com- 
pensation by the feedback of PLL requires several er- 
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ror detections, compensation in this embodiment is 
completed in a period two or three times of 1/250 KHz 
(4 microseconds), thus being considerably faster in 
comparison with two or three times the horizontal per- 
iod (31.5 microseconds). 

As described above, in accordance with the pres- 
ent invention, the dot clock skew which impairs the 
screen can be reduced. 



Claims 

1. A dot clock generator for a liquid crystal display 
device, comprising: 

a reference voltage generator means in- 

eluding a latch type digital/analog converter; 

3"- voltage controlled oscillator means 
which oscillates according to a reference voltage 
from said reference voltage generator means to 
^ produce a reference clock; 

a phase locked loop circuit means for pro- 
ducing a dot clock according to said reference 
clock; 

means for producing a horizontal period 
signal from said dot clock; ' 
_ means for receiving an external horizontal period 
signal; 

means for detecting a phase error between said 
horizontal period signal generated from said dot 
clock and said horizontal period signal received 
externally; 

means for adjusting the latched data of 
said analog/digital converted according to said 
phase error in a first period which is longer than 
said horizontal period; and 

means for adjusting said reference voltage 
to be inputted to said voltage controlled oscillator 
according to said phase error in a second period 
which is shorter than said first period. 

2. A dot "clock generator for a liquid crystal display 
device, as claimed in Claim 1, wherein said vol- 
tage controlled oscillator means is provided with 
a resonator. 

3. A dot clock generator for a liquid crystal display 
device, as claimed in Claim 1 or 2, wherein said 
first period is a vertical period. 
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horizontal period generated according to said ref- 
erence clock. 

A liquid crystal display device comprising: 
a liquid crystal display element; 
a display control means for generating a 
digital video signal based on analog video and 
sync signals and providing said digital video sig- 
nal to said liquid crystal display element; 

a dot clock generator according to any of 
the preceding claims wherein said external hori- 
zontal period signal is derived from said sync sig- 
nal; 

means for providing said dot clock to said 
display control means. 



4. A dot clock generator for a liquid crystal display so 
device, as claimed in Claim 1, 2, or 3, wherein 
said second period is a horizontal period. 

5. A dot clock generator for a liquid crystal display 
device, as claimed in Claim 1, 2, 3 or 4, wherein 55 
said phase locked loop circuit means has a phase 
comparator having a reference input which re- 
ceives a signal whose period is shorter than the 
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